Al-Hassa agricultural soils are coarse textured and calcareous sandy soils, characterized by having low water holding capacity and high percolation to irrigation water. That resulted in excessive drainage water, more than the designed amount, in the drainage main canals of AlHassa irrigation project and led excess irrigation water consumption. To improve water holding capacity and reduce percolation of Al-Hassa sandy soils, the use of mixture of pre-hydrated highly crossed-polyacrylamide potassium based polymer, manure and silt clay loam soil (PPMC), was thoroughly investigated in this study. First, for water holding capacity tests, sand, PPMC amended sand and silty clay loam soils were assessed against varied soil water tensions (i.e., 0.0, 0.03, 0.65, 0.1, 0.15 and 1.2 MPa). Second, laboratory experiments were run to measure saturated hydraulic conductivity (K s ) to view percolation of three soils at Al-Hassa oasis, when each soil was treated with three level of the polymer additions of the PPMC mixture (0, 0.11 and 0.4%, w/w of dry soil) and three level of irrigation water salinities (0, 2.0 and 4.2 mS/cm). Soils were a sand soil from a lime field (F1) at King Faisal University agricultural research station and two sandy loam soils from palm fields (F2 and F3) at Al-Hassa irrigation project. At 0.0 MPa volumetric water content of the PPMC (0.4% polymer) amended sand soil exceeded that of the silty clay loams soil by 7.6% and that of untreated sand soil by 21.5%. Although the addition of 0.4% polymer PPMC mixture changed the available water of sand soil of F1 from 2.8 to 6.9 cm/m, its percolation rate tripled when distilled water was used. The percolation rate of the polymer amended sand soil increased with increasing salinity irrigation water.
Introduction
Water absorbing insoluble polymers (Hydro-gels) were introduced in early 1980's, to improve soil physical properties in view of increasing soil water-holding capacity and reducing irrigation frequency as reported by Hedrick et al. (1952) . Polymers uses were limited, because of high retail prices. However, recently an affordable polymer, which is namely known as highly crossed-polyacrylamide potassium based hydrophilic gel (i.e., one kilogram costs ≤$5), was proved to be useful. Primary uses of this hydro-gel polymer are to improve water absorption capability and availability of sand dunes for medium saline water. Its lengthy of validity in a soil may go up to seven years. Hydrogels, which were developed to increase water holding capacity of amended media, have been used to aid plant establishment and growth in dry soils. Sivapalan (2001) reported amount of water retained by a sandy soil at 0.01 MPa pressure was significantly (p = 0.001) increased by 23 and 95% with addition of 0.03 and 0.07% polymer, respectively. It was indicated the increase in water retention reduce the amount of water otherwise lost by deep percolation. When the pressure was increased from 0.01 to 1.5 MPa, the polymer enabled the sandy soil to retain more water. But the amount released from the soil was not significantly (P=0.95) increased. Also, it was reported water use efficiency for plants increased by 12 and 19 with the addition of 0.03 and 0.07% polymer, respectively.
The effect of an amendment of sand soil with a highly cross-linked polyacrylamide (Stockosorb K 400) on the survival of Pinus halepensis seedlings during water stress was investigated by Huttermann et al. (1999) . Varying concentrations of the hydro gel were added to sandy soils at 0.04%, 0.08%, 0.12%, 0.20% and 0.4% weight by weight. The highest addition, i.e., 0.4%, changed the water retention capacity and its change in water potential with regard to its water content from typical sand to a loam or even silty clay. A polyacrylamide hydrophilic gel (Agrosoak), was tested as soil conditioner for increasing the water absorbing capacity of sand dunes (Silberbush et al. 1993 ). It increased water availability and contributed to yield increase of Cabbage (Brassica oleraceae L.) with saline water. Also it enabled replacement of an expensive drip irrigation system with an inexpensive sprinkling system. Different concentrations of the Agrosoak were added to the soil (0.00, 0.15, 0.3, and 0.45% by weight) at different water amounts and salinity levels (1.9-7.8 dS.m -1 ). It was pointed Agro-soak may increase the water use efficiency with plants grown on sandy soils, when that crop is tolerant to Na + .
A hydro gel (Stockosorb K410) effects on growth and ion relationships of salt resistant woody species, Populus euphratica, were investigated under saline conditions by Chen et al. (2003) . Addition of 0.6% hydro gel to saline soil was improved seedling growth (2.7 fold higher biomass) over a period of 2 years. Root length and surface area of treated plant had 3.5 fold higher than those grown in un-amended saline soil. It was concluded that hydro gel treatment enhanced Ca uptake and increased capacity of P. euphratica to exclude salt (i.e., reduces contact with Na and Cl ) +2 1+ 1-.
Available polymers were studied carefully to choose right type of polymer to for improving Al-Hassa soils under saline water. The objective of the study was to investigate the effects of mixture of pre-hydrated highly crossed-polyacrylamide potassium based hydrogel polymer, manure and silty clay loam soil (PPMC) on water holding capacity and percolation of three natural soils from Al-Hass oasis, with different irrigation water salinities.
Materials and Methods

Hydrogel
The polymer used was Stockosorb 500 micro and medium (Stockhausen, Krefeld, Germany), a highly crossed-linked polyacrylamide with about 40% of amide group hydrolysed to carboxylic groups.
Soils:
Soils were sampled from three irrigated fields at Al-Hassa oasis. A sand soil was from a lime field (F1) at King Faisal University agricultural research station (KFUARS).
Sandy loam soils from two different date palm fields (F2 and F3) at A-Hassa irrigation project. In addition, a silty clay loam soil (37% clay, see Table 1 ), which was obtained from dug soil (F4) of a well number 6 at KFUARS, was used in making the PPMC mixture. Two different salinity irrigation waters were used for the testing, F1 ground irrigation water (EC=2.0 mS/cm) and that of the F3 (EC=4.2 mS/cm), which was a mixture of treated drainage and ground water. Randomly, at each field, three trees were chosen to represent sampling sites (i.e., R1, R2 and R3). Each tree site was subdivided into three equal sections around the tree trunk, two for treatments (T1 and T2) and one for the control (C1). Randomly, 6 kg soil samples were taken from each of T1, T2 and C.
The 6 kg soils were sampled at two depths, 0-15 and 15-30 cm, and placed in separate plastic bags, 3 kg each. Then soil samples were brought to the laboratory, dried, sieved and stored. Soil used for determining soil physical properties for soils were obtained from the depth 15-30 cm. Soil physical properties of the soils were determined using standard procedures, and were shown in Table 1 . 
Amendment of soils
The following procedures were true for all soil treatments. Soils were grounded, cleared from debris, sieved by 2mm mesh, and placed into green house for drying.
Similarly, dry sheep manure and silty clay loam soil of F4 were prepared. In the laboratory, pre-hydrated of the polymer formulation was prepared by addition of 12.5 grams of dry powder of the polymer to every liter (1000 cm 3 ) of irrigation water. This hydrated polymer was let to swell for 30-45 minutes and stirred several times, to assure complete absorption of irrigation water. To obtain two levels of polymer addition based on dry weights basis 0.11 and 0.4% w/w, respectively, 1.21 and 4.5 liters of the prehydrated polymer were added to 14 kg untreated soil. Initially, untreated sand soil was modified by the addition of 10% w/w manure and 10% w/w silt clay loam soil to provide soil aeration and reduce soil water rate of percolation. Then the modified sand soil with manure and the clay was mixed with the pre-hydrated polymer to form the PPMC mixture. MPa). Since soils used in study were ranged from coarse sand to silty clay loam, the water field capacity pressure considered was an average value (i.e., 0.03 MPa). We assumed 1.2 MPa was the wilting point pressure; because 1.5 MPa couldn't be reached by the available pressure chamber. The sand soil of F1 was chosen among the other soils, for evaluating polymer influence on water holding capacity, because it contained the highest sand fraction, see Table 1 .
Water holding capacity experiment
Soil percolation experiment:
Standard packing procedure, which was given by Klute et al. (1986) , was employed to pack untreated soil into three infiltration cylinders (10.5 cm in dia, 50 cm in length). Initially, untreated soil that obtained from 15 to 30 cm depth was packed in the bottom of each cylinder, up to 20 cm. Above that, the PPMC treated soil was packed, up to 10 cm in depth. Then a surface layer of untreated soil, which obtained from 0 to 15 cm depth, was packed up to 10 cm. 
R1
= The steady state rate of fall of water in reservoir when the first head, i.e.,H1=5 cm, of water was established R2 = The steady state rate of fall of water in reservoir when the second head, i.e., H2=10cm, of water was established
Results and Discussion
PPMC effects on sand soil moisture retention characteristics
The amount of water that a sand soil holds increased significantly (P=0.05), when it was amended with the mixture of the pre-hydrated polymer, manure and silty clay loam As shown in Figure 3 , the PPMC amended sand soil, silty clay loam and sand soil of absorbed 59%, 51.5% and 37.5% and released 52.1%, 40.5%, and 35.8% soil water content, respectively. That indicated untreated sand soil released 95% of its absorbed soil water content, compared to 88.3% by the amended sand soil and 79.8%. This inferred the use of the hydro gel polymer, manure and silty clay loam soil, had increased specific surface area of the sand soils and eventually led to the improvement of its absorption ability and available water capacity.
Polymer, manure and silty clay loam soil effects on soils percolation
Rate of percolation of water through a soil depends on its saturated hydraulic conductivity (K s ), the higher the K s the higher rate of percolation. As shown in Table 2 Table 2 .
That inferred that the incorporation of polymer-manure-clay amended soil into a soil profile enhanced the rate of soil water percolation. It was found that the polymer amended sand soil of F1 had excessive percolation rate, based on the classification according to its K s value (Kutilek, et al., 1994) . That when to the interaction effects of In addition, quantity of soil water retained by the incorporated amended layer with polymer-manure-clay (i.e., the PPMC) and its high K s , could caused soil water to move faster downward in beneath layer of low K s . Therefore, benefits of applying polymermanure-clay soil armament can be achieved only if over irrigation is avoided.
Field saturated hydraulic conductivity (K fs ) for the sand soil of F1, as shown in Figure 5 , was found to be the highest, 12.7 cm/hr, while that for the F2 was the lowest, 
Conclusions
The amount of water that Al-Hassa sand soil held, increased when it was amended with pre-hydrated hydro gel polymer, manure and silty clay loam (PPMC). At 0.0 MPa volumetric water content of the amended sand soil exceeded that of the silty clay loams soil by 7.6% and that of the sand soil by 21.5%. This increase in soil water retention can reduce the amount of soil water otherwise subject to loss by deep percolation. Although the 0.4% polymer PPMC mixture increased the available water capacities of the sand soil from 4.6 to 13.8 and from 1.74 to 6.9 cm/m at soil water tensions 0.03 and 1.2 MPa respectively and the available water from 2.8 to 6.9 cm/m. But the saturated hydraulic conductivity of sand and sandy loam soils values was significantly increased and consequently percolation rates. Those percolation rates of polymer amended soils increased with increasing salinity of irrigation water.
